The structure of a peptide antibiotic, colistin, has been determined by Suzuki et al}~3) The peptide contains 6mol of L-a,ydiaminobutyric acid (DAB), 2 of L-threonine and 1 each of L-leucine and D-leucine, while 6-methyloctanoic acid (MOA) and isooctanoic acid (IOA) are present in amino linkage with the a-amino group of the terminal DAB residue in colistin A and B, respectively. Among several reports on colistin biosynthesis, Ito et at. have reported that MOA, IOA and DAB are derived from isoleucine, valine and aspartic acid, respectively.4'^Especially, DAB was suggested to be a rate-limiting factor in colistin formation. Though the effect of amino acids on the fermentative production of colistin has also been studied using complex or synthetic media,5'6) little is known about the stimulatory effect of amino acids on colistin production, except for DAB.
We have studied the effect of culture conditions on colistin production.
As reported previously, wefound that colistin production depended on the combination of carbon/ nitrogen ratio and inorganic phosphate concentration in Morido's medium6) (Medium M).7) In the course offurther studies on the factors influencing colistin production, the appropriate combination of phosphate ion (PO43~) and ammonium-nitrogen (NH4-N) provided production of about 40,000ju/m\ colistin in a suitable initial pH.8) To obtain much higher production of colistin, the effect of amino acids on colistin production was investigated by varing the medium composition.
The present paper deals with the stimulatory effect of aspartic acid on colistin production by Morido has studied the effect of amino acids on colistin production using a complex medium.Ĥowever, an effective amino acid for the improvement of colistin production has n ot been found.
Wereported previously that the most effective factors on colistin production were phosphate ion (PO43~) and ammonium-nitrogen (NH4-N) in the medium.8) The effect of amino acids, especially the structural components of colistin and its precursors, on colistin production was therefore examined using Medium M and Medium K containing suitable concentrations ofPO43~and NH4-N. As shown in Table I , the addition of DAB to both media stimulated colistin production. This stimulatory effect of DAB in both complex media was in accordance with the result obtained in a synthetic medium by Ito et al.5) On the other hand, when aspartic acid, the precursor of DAB,5) was added to Medium M, no improvement of colistin production was observed. However, the addition of aspartic acid to Medium K stimulated colistin production.
Addition of the other amino acids to the media did not improve colistin production. On the contrary, isoleucine and valine, the precursors of MOA and IOA,4) suppressed colistin production.
Thus, the effect of aspartic acid concen- Table II . Effect of Aspartic Acid Concentration on Colistin Production tration on colistin production was examined in detail using Media M and K. As shown in Table II , even though the amount of aspartic acid in Medium M was increased, the improvement ofcolistin production was only slight. On the other hand, in the case of Medium K, the stimulatory effect of aspartic acid on colistin production became nearly constant in the concentration ranging from 0.2 to 1.0%. As the result, 0.25% aspartic acid was added to Medium K (Medium K +Asp) in the following experiments. Effect of aspartic acid and ammonium-nitrogen on colistin production A significant difference in colistin production caused by the addition of aspartic acid was found between media M and K. This result also suggested that Medium K was suboptimum for stimulating the metabolic change from aspartic acid to DAB.
To obtain a better titer of colistin and to discover the effector for the metabolic change, the effect of NH4-N concentration on colistin production was first investigated using Media K and K+Asp. As shown in Fig. 1 , the stimulatory effect of aspartic acid on colistin production was widely observed in the concentration ranging from 0.05 to 0.63%. The titer ofcolistin in Medium K+Asp was markedly affected by the NH4-N concentration in a similar fashion to that of Medium K. That is, colistin production amounted to above 40,000 u/ml in the NH4-N concentration ranging from 0.1 to 0.3%, and a maximum titer (51,900u/ml) of colistin was accomplished at 0.17% NH4-N. On the other hand, that of colistin in Medium K provided 39,200u/ml at the same NH4-N level. These results indicated that NH4-N was effective for the best titer of colistin in Medium K +Asp. However, NH4-N was probably not a main effector for the metabolic change.
Effect of aspartic acid and phosphate ion on colistin production The effect ofPO43 ~ concentration on colistin production was further investigated using These experiments were performed with media K and K+Asp except for the KH2PO4 and (NH4)2SO4 con- Media K and K+Asp. The NH4-N concentrations used herewere 0.17 and 0.42% which corresponded to Medium M. As shown in Fig.  2 , the improvement ofcolistin production caused by the addition of aspartic acid was dependent on the PO43~concentration in the medium. That is, the stimulatory effect of aspartic acid on colistin production was evidently observed below 0.05% PO43~irrespective of NH4-N concentration.
When the optimum NH4-N concentration (0.17%) was used in Medium K + Asp, colistin production amounted to above 50,000u/ml below 0.01% PO43~.
T o clarify the role of PO43" in the stimulatory effect of aspartic acid, the correlation of aspartic acid and PO43" for colistin production was investigated using Medium K containing 0.17% NH4-N. The PO43~concen-trations used here are shown in Fig. 3 for the best production of colistin in Medium K+Asp together with the optimum concentration of NH4-N. The fact that addition of aspartic acid was ineffective on colistin production in Medium M was also found to be due to the high PO43~level in the medium.
Relationship between cell concentration and colistin production In this study, complex media were used for colistin production.
Corn meal in the media is essential for the better production of colistin, but makes it difficult to measure the optical density of the broth and the concentration of dry cell weight because of its insolubility. Accordingly, the sonication-Lowry's metho d1ŵas used as a more reliable method.
The relationship between the maximumcell protein and the production ofcolistin is shown in Table III . In the case of0.0035% PO43~, the increase of cell concentration by aspartic acid was very slight as compared with the remarkable improvement of colistin production. On the other hand, the addition of aspartic acid at 0.14% PO43" had a small effect on both cell concentration and colistin production. That is, aspartic acid provided a considerable difference in specific colistin production (colistin produced/maximum cell protein) between two PO43" levels. When DAB was added to the media, the cell concentration was a little suppressed as compared with that in the reference medium (Table  III) . However, colistin production was stimulated, and the increase of specific colistin production was very marked.
It was evident from these results that the low Colistin produced/maximum cell protein. The media used here are described in Fig. 3 . have reported control of protein synthesis and colistin formation by DAB.n) From the fact that the increasing rate of cell concentration by aspartic acid at 0.0035% PO43~was lower than at 0.14% PO43~ (Table III) , the metabolic pathway was also considered to be controlled by PO43~. Therefore, the main role of PO43ĩ n the remarkable accumulation of colistin by the appropriate combination of PO43 and NH4-N8) was suggested to be a stimulatory effect for the metabolic pathway. Further studies to confirm the roles ofPO43~and NH4
-N on colistin formation are now in progress. Figure 4 shows a typical time course of colistin production in each optimum medium with the presence or absence of aspartic acid. In both media, colistin production reached the maximum titer at 30hr, and then the cell protein was maintained at the maximum value. Aspartic acid in the optimum medium, containing that of 0.25%, was almost assimilated at 16hr. It can be concluded that aspartic acid remarkably affected colistin production by B.
polymyxa in the low concentration range of PO43~, and also the optimum NH4-N concentration was essential for the maximum production of colistin in media containing aspartic acid. The remarkable improvement of colistin production by aspartic acid was ascribed to the release of inhibition of the metabolic pathway from aspartic acid to DAB by the decreased amount of PO43~in the medium.
